Neutral fragments of methane were performed using femetosecond laser at an intensity of 10 13-14 W/cm 2 . A new mechanism of neutral dissociation is proposed in this work. The methane molecule is excited to super-excited states, in which it would dissociate into neutral fragments. We made Morse type potential energy surfaces for the super-excited molecules. Furthermore, we investigated the dissociation dynamics of the super-excited states by using quasi-classical trajectory (QCT) method. The results thus interpret the neutral dissociation of the methane molecule in the ultra-fast laser pulse.
Ultrafast Ti:sapphire laser becomes a conventional tool to generate a high power laser pulse of 10 14 W/cm 2 . In such intense laser fields, molecules undergo dissociation immediately. The dissociation mechanism is usually explained by Coulomb explosion (CE) of multiple charged molecular ions. Beyond the laser intensity of 3×10 14 W/cm 2 , molecules undergo sequential ionization usually [1] . Multiple charged molecular ions are thus produced. Driven by the intra-molecular Coulomb repulsive force, the ionic skeleton undergoes disintegration, yielding two ionic products. The ionic products are usually detected by mass spectroscopy [2] [3] [4] .
However, neutral fragments, in addition to ionic products of the molecules, have also been found recently, even at a relatively low laser intensity of 10 13 -14 W/cm 2 [5] [6] [7] . Such a "low" intensity laser could not create multiple charged ions. The appearance of the neutral products thus cannot be the neutral products explained by CE of multiple charged ions. Evidence of the neutral fragmentation has been found with the molecules of methane, ethylene, n-butane and 1-butene ( Figure 1) [8] . The fluorescence of the neutral fragments CH, H and C 2 is reported. A new mechanism for explaining the neutral dissociation in the intense laser fields is proposed.
Multi-photon excitation of polyatomic molecules in the ultra-fast laser pulse
For the parent molecule, there are two possible mechanisms to gain energy from the laser field before it dissociates. Electron re-scattering mechanism deems that the ionizing electron of the molecule can be driven back by the alternative laser field. The rebounding electron collides with another valence electron thus transferring energy from the electric field to the molecule. Another possible mechanism of the molecular excitation is multiphoton absorption of the molecule in the intense laser fields. A molecule may absorb several laser photons within a laser pulse. Either the re-scattering of the electron or the multi-photon absorption of the molecule will make the molecule highly excited. Super-excited states of the molecule thus may be formed, resulting in the neutral dissociation of molecule. Figure 2 plots the laser power dependences of the fluorescence intensity [8] . It can be seen in this logarith-OPTICS SPECIAL TOPIC ARTICLES Figure 1 The fluorescence spectra of methane CH 4 (a), ethylene C 2 H 4 (b), n-butane n-C 4 H 10 (c) and 1-butene 1-C 4 H 8 (d) [8] . The spectra are recorded after the shining of Ti:sapphire laser (800 nm) pulse (42 fs) at a laser intensity of 2×10 14 W/cm 2 . In Figure 1(a) , the emission bands at 314.5, 388.9 and 431.4 nm are assigned to the C 2 Σ + →X 2 Π, B 2 Σ − →X 2 Π and A 2 Δ→X 2 Π transitions of CH radical, respectively. A weak emission of Balmer line at 656.6 nm referred to as the transitions of H (n=3→2) is also observed. For the spectra of (b)-(d), in addition to the CH and H transitions, five bands near 437, 473, 516, 563 and 610 nm are assigned to the v=2, 1, 0, −1 and −2 progressions of C 2 Swan bands (d 3 Π g →a 3 Π u ), respectively.
Figure 2
The laser intensity dependence of the CH (A→X) and C 2 (d→a) fluorescence intensity [8] . mic plot that the slopes of the power dependences are around 10, implying that each molecule absorbs ten photons in the optical excitation. The laser facility used in the experiments is Ti:Sapphire laser, emitting 800 nm lights. The photon energy at this wavelength is 1.55 eV. The total photon energy of 15.5 eV is high enough to ionize the molecule. The energy absorbed is capable of breaking several chemical bonds, since the binding energy of each bond is only a few Electron Volts. It is anticipated that the super-excitation of a molecule will lead to ionization and dissociation of the molecule.
These molecules possess very rich internal energy, even higher than the ionization potential. The molecules are called super-excited molecules. The super-excited
